Instrumental means of measurement and monitoring extend human observations in the care of shocked patients. Computers stretch still further the capacity to measure and to process information. Apart from the more technical applications to be discussed in this paper, it should be mentioned that modern computer installations have the proven ability to collect, collate, and present effectively data from multiple sources, a task which becomes progressively more difficult and unduly demanding as a result of the therapeutic requirements for more measurements and the use of many separate pieces of equipment to treat a single patient. One computer system is devoted exclusively to this (Norlander, Mellberg, Pettersson, and William-Olsson, 1968; Mellberg, 1968) and such handling of information is a significant part of others (Osborn, Beaumont, Raison, Russell, and Gerbode, 1968) . Circumstances of increasingly intense and scientific care in the face of diminishing personnel resources will promote this development. A number of the free-standing monitoring devices which are already available incorporate purpose-built analogue or digital processing logic. Several research and development projects for intensive therapy now make use of computer facilities to obtain measurements not otherwise obtainable in the special clinical situation, to provide new measuring devices, to aid in calibration and maintenance of equipment, or to participate in the control of treatment. Such systems raise the important consideration of cost-benefit analysis and concentration of patients receiving such care to justify such facilities, but these are ignored here in the interest of searching for the highest achievable level of clinical attention. It is intended to consider as one the uses of electronic and computer techniques, ranging over a number of physiological functions orrequiredmeasurements. Because progress is fast in this leading edge of medical care, it is necessary to mention research developments which will or may shortly be practicable in treatment, whilst discussing present resources, but a distinction will be drawn between the two.
Cardiovascular Measurements
Unless there is any preexisting associated pathology, cardiac abnormalities in traumatic shock will usually only arise as relatively late manifestations of anoxia or hypovolaemia. The critical exception is the occurrence of cardiac tamponade. The correlation of trends in the measurements of arterial and venous pressures, cardiac output, electrocardiogram results, and some other indices of atrial or ventricular function form the basis of diagnosis. Perhaps the most contributive, and least developed, monitoring function of digital computers is the application of the logical examination of multivariate trends and the presentation of data in fairly precise diagnostic words, rather than as numbers for analysis and interpretation. At least one such experimental program has been outlined for tamponade (Osborn, Beaumont, Raison, and Abbott, 1969a) and we should hope for clinically applicable derivatives. It is a familiar problem of ECGmonitoring apparatus that false alarms are so frequent as to cause most rate-limit indicators to be rendered inoperable: this is overcome in more recent apparatus using local logic systems or by correlating ECG and vascular waveform signals (Raison, Beaumont, Russell, and Osborn, 1968b) .
There is now widespread experience that the measurement of intraarterial pressure by percu-taneous puncture is a safe, desirable, and relatively simple means of securing a reliable blood pressure reading in shocked patients. Some commercial monitoring modules already provide digital displays of values, including pulse pressure which is as important a sign in shock as the more commonly accepted systolic and diastolic readings. One such monitoring system provides a data-recording system. A major advantage of such apparatus, or computer installations, is this provision which ensures the continuation of data logging in periods of crisis when it can be most significant but most likely to be abandoned. It has also been observed that traditional annotation may produce records that are inaccurately related to time and may be misleading (Osborn et al, 1969a (Raison, Beaumont, Shore, and Osborn, 1968c) .
As methods become more easily applied the estimnation of cardiac output will contribute more frequently to care. Instrumentation for dye dilution studies now embodies logic and calculation to produce digital readout, eliminating the tedium of extrapolation of the downslope and integration of the primary curve. There remains some doubt whether the original Hamilton method of estimation (Hamilton, Moore, Kinsman, and Spurling, 1932 ) is reliable in low output states. Methods based on the forward edge of the dye curve (Dow, 1955 ) may be preferable. Again, we are in the period when computer monitoring systems capable of multiple correlated measurements by various methods and using various formulae should rapidly accumulate data and produce evidence from which the most effective method for any particular clinical situation may be deduced. It may be that estimation using different formulae for different clinical states, or comparison of two or more methods of estimation, is desirable for optimum care. One computer system provides two calculations, and has fully automated the test.
Although not yet wholly acceptable, the estimation of change in cardiac output based upon arterial wave upstroke (ejection characteristics) offset by calculations for run-off through the arterial bed (peripheral resistance), as devised by Warner, Gardner, and Toronto (1968) , may be of use. However, there remains the possibility that changes in peripheral resistance during the course of shock, especially shock due to sepsis, may limit the reliability of this method. Intraluminal flow measurement may eventually be the method. Estimations based on the Fick calculation, from arteriovenous oxygen difference and oxygen uptake, can be criticized as this method relies too heavily on a steady state. In practice such estimations have correlated well with other estimations in at least one low output situation after open-heart surgery.
Blood volume measurements are not widely judged to be valuable in shock treatment, although instruments for radioactive scintillation counting are now extremely simple to use. This reservation is due less to doubts about the clinical effectiveness of relying on central venous pressure measurement for replacement therapy than to doubts about the appropriate equilibration intervals after injection of the tracer dose or the rate of exchange between body compartments.
In situations of trauma where volume measurement might most be wanted, as for instance in cases of burns, the measurement is even more likely to be unreliable. With the move towards treatment based on precise measurements, it is to be expected that the potential of on-line computers to permit the use of multiple tracer techniques to measure the exchange between intra-and extra-vascular spaces in patients in shock, without immense and time-consuming quantities of data to calculate 'manually', will be exploited to provide useful direct methods of volume determination. It is another advantage of a computer-based system that it allows calculation of the radioactive background and of the next minimal dose required for significant measurement in any series of such investigations. Output and volume estimations may be made from a single procedure.
Temperature
The existence of shock justifies the disadvantages of a rectal temperature probe for continuous measurement. In time, multiple function intravascular catheters are to be expected (pressure, flow, temperature, as well as sampling lumen). It may be found that a central venous thermistor probe is a more useful device. Core temperature observation is important to assess metabolic rate and oxygen demand, but it has greater significance when combined with several skin temperature probes which are usually taken on the lower limbs. In the present crude state of knowledge, changes between skin temperature and core temperature readings are meaningful as a reflexion of cardiac output and peripheral circulation in shock. Another probe should measure environmental temperature, so that skin temperature may be related to heat loss by radiation. Whilst useful information about the improvement or deterioration of the circulation (and by inference about cardiac output) is obtainable from a simple display of increasing warmth or cooling of the limbs, it should be possible from a computer-based system to establish far more precise relationships, probably related to several different points along a limb. In a fully integrated monitoring system which uses the minimum of penetrative techniques possible, temperature characteristics may be one of the most valuable clinical signs.
Blood Gas Measurements
Standard electrode instrumentation for the measurement of P02, pH, and PC02 (either directly or by the interpolation method of Astrup) are now very reliable and should form part of the stock in trade of any unit treating shock. It is preferable that they should be performed at 37-38°C and questionable whether in view of the wide range of temperature in the whole body, 'corrections' to observed body tem-39 perature are appropriate, unless clinical hypothermia exists. Metabolic acidosis in shock is pathognomonic of low cardiac output, and PCO2 measurements, if done sufficiently often, can effectively monitor hyper-or hypoventilation. P02 measurements are also important in monitoring ventilation and respiration. For most reliable arteriovenous difference estimations it is better to combine the use of oxygen tonometry and pH measurements to determine arterial oxygen content, with oximetry to determine venous content. A commercially available oximeter will probably be the normal equipment. Sometimes two wavelength oximeters are used (Eberhart, 1968) The measurement of blood electrolytes is less advanced than blood gas measurement; specificgroup.bmj.com on January 6, 2018 -Published by http://jcp.bmj.com/ Downloaded from ally permeable electrodes for measuring sodium and potassium are commercially available. These models require considerably more skill in use and maintenance. The calculation of potassium is dependent on the sodium value found. As well as these, a semi-automatic blood analyzer has been produced, in which a single blood sample (P02, PCO2, pH, sodium, and potassium) is examined by a series of electrodes Widdowson, G., Pacific Med. Ctr., personal communication) . Again, the whole process, including calibration with two reference gases and solutions, is automated after introducing the sample. Most of the logic for the system, including multiplexing of electrode readings to a meter, is internal to the machine so that it has a stand-alone capability. Raison, Beaumont, Elliott, and Osborn, 1968a; Osborn et al, 1968 and Osborn, Elliott, Segger, and Gerbode,1969c) and only a brief description is possible here. A pneumotachograph placed in line as close to the patient's trachea as possible provides a differential signal: after digital conversion the computer integrates instantaneous flow rates to Electronic and compuiter monitoring in shock provide volumetric data. Because of alarm requirements the sampling for analysis of flow and airway pressure is continuous. The pneumotachograph is further modified by welding in a fine-bore sampling line. During intervals of analysis, 30 seconds in every 10 minutes, or when demanded by ward staff, airway gas is aspirated at the slow rate of 1.5 1/min, carried to the bedside monitoring console and there divided between a rapid infra-red CO2 analyzer and an even faster response hot platinized zirconium oxide oxygen electrode. Both these are fast enough to follow gas concentrations throughout the inspiratory-expiratory cycle. Between analyses warm dry air is blown in the reverse direction down sampling and pressure lines to the pneumotachograph to eliminate condensation. By this means the system remains in situ for well over 24 hours at a time without attention. The computer also provides compensatory gas withdrawal during these blow-back periods so that the characteristics of ventilation are not different during or between analysis periods. In the present arrangement, each pair of gas analyzers serves two patients alternatively, and seven patients can be monitored simultaneously.
The system already provides semi-automated calibration of all the measuring instruments used. It merely requires a technician, checking once daily, to apply the pneumotachograph to an apparatus simulating inspiration and expiration in the airway, and to push a piston to and fro for several rapidly sequenced periods of analysis whilst checking the displayed results with those required from this dummy system. Fully automated calibration of all measurements should be possible in future systems.
A wide range of calculations, correlations, and diagnostic analyses is then performed. Output is directed to visual data terminals at the bedside, with verbal interpretation of the values shown whenever a diagnostic identification is made. Output is also directed to a teletypewriter in the ward for permanent revised storage and to an incremental X-Y plotter to provide charts for daily clinical ward rounds. Disc storage permits retrieval of old data and comparisons on request at the terminal for up to four or five days. The system similarly processes and records all other data that have been acquired, some of which are used in correlations.
The first clinical application occurs when connecting patients to ventilators. On push button command, a continuous analysis is started, which provides a breath-by-breath indication of rate and tidal volume; ventilator adjustments are much simplified and more accurate. A graphic display of the inspiratory portion of each breath cycle is produced which is of great value in most satisfactorily manipulating ventilatory characteristics. This facility is also used for regular monitoring of chest compliance and the need for airway toilet, and has highlighted advantages 41 over the previous method, largely confined to the sort of nursing instruction as 'suck out airway every x minutes'.
Alarm limits are set on pneumotachograph parameters to identify apnoea, sudden changes in volume or rate, leakage, and changes in chest compliance or non-elastic resistance. Ordinary results are displayed. Mean inspired oxygen concentration is shown, and end-tidal CO2 to indicate hyper-or hypoventilatory changes. Alveolar ventilation is calculated: it was a not uncommon experience that the spirometer reading on a volume-cycled ventilator was very grossly in excess of the measured tidal and alveolar volumes. Alveolar oxygen concentration is computed at each analysis. Whenever blood gas data become available from the on-line analyzer, or from keyboard entries, the data log is searched and the two ventilatory analyses most adjacent in time are used to produce a number of interrelated factors, including alveolar-arterial 02 gradient and the physiological dead space to tidal volume ratio. The availability of these estimations without elaborate measurement and calculation has led to a much more precise supervision of ventilation.
Oxygen consumption is also calculated. The computer integrates the product of instantaneous oxygen concentration and tidal volume observations: inspiratory and expiratory values for the period are averaged and the latter is subtracted from the former. Five additional steps then take place which diminish the errors due to changes between observed inspired and expired volumes etc (Raison et al, 1968a; Osborn et al, 1969a Crowell and Smith (1964) in animals. This does not appear to be so (Raison, Osborn, Beaumont, and Gerbode, 1968d There are also interesting possibilities of therapeutic importance in the observation of 'abnormal' oxygen uptake in response to the use of isoprenaline (Raison et al, 1968d) 
Conclusion
Instrumentation now plays an important role in the care of all patients in shock. As it increases in availability, the initial advantages are progressively offset by the greater demands made on staff in terms of time spent in recording and reviewing multiple discrete signals, or in calibration and maintenance by special skilled staff. A problem of how to place large quantities of apparatus around the patient and still provide access for the nurse also arises. Computer systems have capabilities of increasing the measurements which may be made safely and conveniently in shock; of automatic calibration; increasing accuracy of some measurements; sharing of instrumentation; making calculations of value which would otherwise not be undertaken in practical therapy; of correlations, logical checking, diagnosis, and advanced method of data display and recording in terms most useful to the ward team. There are complex economic consequences which must affect the speed of development. Measurements required and functional systems which need monitoring have been reviewed in the light of instrumental and computer facilities available today or anticipated.
